The successful adoption of Building Information Modeling (BIM) leads to the 3 subsequent need for improving management practices and stakeholders ' relationships. 4 Previous studies have attempted to explore solutions for non-technical issues; however, a 5 systematic and quantitative review of the details of non-technical field, namely, the 6 managerial areas of BIM (MA-BIM), seems to be missing. Hence, a scientometric approach 7 is used to construct knowledge maps in MA-BIM, thereby allowing bibliometric data to 8 provide an objective and accurate perspective in the field as a whole. Through keyword and 9 abstract term analysis of 126 related papers published from 2007 to 2015, an integrated 10 conceptual framework is proposed to summarize current status and structure future directions 11 of MA-BIM based on five principal research areas. This study shows the transformation of 12 MA-BIM from an individual approach to a wide-ranging organizational strategy. It provides 13 new insights into managing BIM projects by referring to the accurate representation and 14 analysis of previous research efforts. 15
Introduction

18
Construction projects, particularly megaprojects, are becoming significantly complex and 19 difficult to manage (Bryde et al., 2013) . To cope with the increasing complexity and difficulty 20 of project management, BIM has been developing at a rapid pace and becoming extensively 21 utilized. The benefits of BIM in different types of construction projects are manifold and 22 generally recognized by involved stakeholders (Eastman et al., 2011; Gu and London, 2010) . 23
Despite its immense technical advantages and value potential, the facts remain that the use of 24 BIM worldwide still falls considerably short of its capabilities; many construction projects 25 even disregard BIM (Cao et al., 2014) . Barlish and Sullivan (2012) determined that returns on 26 investment (ROI) generated by BIM may vary considerably from project to project. Oakley 27 (2012) revealed minimal effects of several construction projects with the use of BIM on 28 project performance. Although the technology side of BIM is considerably maturing in the 29 construction industry, the managerial areas of BIM (MA-BIM) still have limitations. 30
For a construction project, BIM is not merely a software suite. However, obtaining the 31 promised project benefits of BIM seems to hinge on management changes instead of 32 technology issues. A recent example is the Shanghai Tower, in which the critical challenge of 33 BIM implementation was not the technical aspects but the coordination among 8 BIM teams 34 with members having diverse occupational backgrounds and different interest orientations. 35
Among the involved parties, the Shanghai Construction Group was the general contractor and 36 one of the owners with a 4% of the share on the project (Shanghai Tower, 2015) . The IPD-ish 37 partnership (El Asmar et al., 2013) significantly facilitated the involvement of Shanghai 38
Tower contractor in the preplanning and design stages. In this regard, the non-technical 39 challenge necessitates an industry-wide demand for the studies on the MA-BIM. Volk et al. 40 (2014) presented a comprehensive review on BIM from a "broad" sense, which comprises 41 functional, informational, technical and organizational/legal issues throughout the entire 42 lifecycle of a project. According to Volk et al. (2014) , the organizational/legal issues are what 43 MA-BIM needs to improve for project performance. 44
For these reasons, MA-BIM could be proposed as: 2. Research method 68 2.1 Paper retrieval 69 To achieve the research objectives of this study, academic journals with the BIM 70 publications were identified. The list of publications was obtained using two databases, 71 namely, Scopus and Web of Science (WoS), for a comprehensive search on the subject area. 72
WoS database covers over 12,000 of high impact journals worldwide, including open access 73 journals and over 150,000 conference proceedings (Thompson-Reuters, 2014). And Scopus 74 includes over 21,500 peer-reviewed journals, 7.2 million conference papers, and over 60 75 million records (Elsevier, 2016) . The integration of sources from these two databases was 76 considered sufficient to justify broad conclusions regarding the overall development of BIM. 77
Given the difficulty of searching each related article, a delimitation of the research 78 boundary is frequently necessary . The main point of each paper should be 79 determined by its research objectives, methodologies, and major contributions. In the current 80 study, three criteria were proposed during the delimitation process of the BIM literature in the 81 managerial areas. Fig. 1 shows the research framework of this study. 82
Insert Fig. 1 83
Firstly, only papers in peer-reviewed English journals were included for the review with 84 considering their impact positions in the BIM research in terms of SCImago Journal Rank and 85 H-index. Book reviews, editorials, and conference papers were excluded so that all retrieved 86 papers could be screened using an identical analytical construct in terms of research aims and 87 methods (Mok et al., 2015) . 88
Secondly, the topics of these papers were limited to the managerial issues in BIM adoption 89 and implementation rather than the technical development of BIM. The topic of each paper 90 was determined by its research aims and methods from abstract. Those papers, which aim at 91 providing technical solutions of BIM without referring to project strategies for improved BIM 92 adoption level or implementation process, were preliminarily excluded. Meanwhile, the topic 93 of each paper could also be identified from the research methods. It is noteworthy that 94 interviews and questionnaires are typically used as the principal means of investigating the 95 managerial issues of BIM. In contrast, technologies integration and systems development are 96 essentially employed to address the technical issues of BIM. 97
Thirdly, papers aimed at addressing functional issues that describe BIM functionalities and 98 applications, informational issues that describe industry foundation classes (IFC) and model 99 view definition (MVD), and technical issues that describe data capture, data processing, 100 object recognition, and modeling, were excluded. After identifying the research aims and 101 methods from abstracts, there was still a need for in-depth understanding of the primary 102 contents of each paper. For example, if the main body of a paper discussed the whole process 103 of BIM plug-in development, but nearly had no relationship with organizational/legal issues, 104 it was screened out. To decrease potential bias during the selection of target papers, the 105 contents of each paper were screened by different authors to identify the ones suitable for this 106 study. 107
The search rule in this study was ("BIM" OR "building information modeling" OR 108 "building information modelling" OR "building information model" OR "virtual design and 109 construction" OR "VDC" OR "as-built model" OR "virtual model") AND ("management" 110 OR "managerial" OR "managing" OR "manage"). To avoid omissions of target papers, the 111 timespan of the publication search was set for "all years" (ended in August 18, 2015) . 112
According to the first criterion, a total of 308 journal papers were retrieved. As shown in 113 Table 1 , 16 journals are selected in this process. These journals have published at least one 114 paper that fit the first criterion, and are highly ranked by construction management 115 researchers. Despite the rigorous search rule, some retrieved publications appear to be less 116 relevant. Based on the second and third criteria, 126 papers were identified for further analysis 117 after the filtering process. The first study on the 'selection of papers' list is Fox and Hietanen 118 (2007) , which conducted an investigation on the potential of BIM for interorganizational use 119 in Finland, including its automational, informational, and transformational effects. The 120 subsequent analyzing process is thus set from 2007 to 2015 in CiteSpace. 121
Insert Table 1 about here 122
Scientometric analysis 123
Due to a wide spectrum of research topics in relation to MA-BIM, there is little prospect of 124 characterizing the overall field through manual literature analysis. And the manual review, 125 while insightful, is prone to be biased and limited in terms of subjective interpretation. 126 Therefore, the current study provides a holistic analysis of MA-BIM using the scientometric 127 technique, a research method that refers to knowledge domain visualization or mapping 128 (Pollack and Adler, 2015) . This technique is a quantitative method that applies bibliometrics to 129 published literature; it is used to map the structure and evolution of numerous subjects based on 130 large-scale scholarly data sets (Börner et al., 2003) . Through network modeling and 131 visualization, scientometric research aims to analyze the intellectual landscape of a knowledge 132 domain and perceive questions that researchers have been attempting to answer, as well as 133 methods that they have developed to achieve their goals (Chen, 2006) . Visualizing the entire 134 MA-BIM provides an approach to acquire a global perspective of research patterns and trends 135 in the field. 136
The MA-BIM literature provides tangible evidence of the developments in this field, which 137 can lead to conclusions on influential studies that drive BIM adoption, implementation, and 138 post-evaluation, as well as the managerial areas where these works are embodied. The size and 139 scope of the MA-BIM field have expanded, which makes it considerably beyond the reach of 140 manual and intellectual analysis. The techniques required to undertake rapid and effective 141 analysis belong to the domain visualization toolkit, such as CiteSpace, Science of Science (Sci2 142 Tool), and BibExcel (Chen et al., 2011) . In this quantitative interpretivist research, CiteSpace 143 software is used for network analysis and visualization based on the terms that the authors have 144 used to describe their publications. 145
Keywords and abstracts are considered as clear and concise descriptions of research 146 contents, which necessitates using such terms as units of analysis to identify prominent 147 groupings that affect the structure of the MA-BIM field. In this study, the MA-BIM literature 148 was analyzed in terms of keywords and abstract terms to retain the opinion of the authors as 149 much as possible. And the keyword co-occurrence analysis, keyword burst detection, and 150
abstracts cluster analysis were employed to reveal the research patterns and trends in the 151
MA-BIM field. 152
Firstly, the keyword co-occurrence analysis makes an aggregate representation of the 153 MA-BIM field, and the indicators of keyword co-occurrence network provide evidence for 154 the subsequent cluster analysis. Secondly, the keyword burst detection shed further insight on 155 the relative change of significance between keywords over time to identify the research trends of MA-BIM, in contrast to the keyword co-occurrence analysis that merely presents a static 157 description of the field as a whole, Thirdly, the abstracts cluster analysis indicates the research 158 patterns of the MA-BIM field in detail, and various specific research themes associated with 159 each principal area are identified, which lays the foundation for the establishment of 160 MA-BIM conceptual framework. 161 keywords were noted, namely, "building information modeling," "building information 165 modelling," "building information model," and "BIM." These keywords were defined as the 166 domain stop-words because they form a high percentage in the analysis domain (Hu and 167 Zhang, 2015) . These four stop-words were excluded because they did not add value to the 168 current study, as well as influenced cluster accuracy of keyword co-occurrence network. 169
The keyword co-occurrence analysis and burst detection
Moreover, not all the keywords provided by the authors were determined to be normalized; 170 thus, the extracted keywords were normalized to ensure consistent treatment of unifying 171 synonyms. As shown in Table 2 , "information technologies" was replaced with "information 172 technology" and "construction projects" was replaced with "construction project", and so on. 173 Börner (2010) described that "…80% effort in scientometric research is spent on data 174 acquisition and preprocessing." After data acquisition and preprocessing, analyses of keyword 175 co-occurrence, keyword burst detection, and abstracts cluster were conducted. 176
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Keyword co-occurrence network analysis was performed using CiteSpace. The overall network characterizes the development of MA-BIM over time and showed the most 179 important footprints of this field. Nodes in the network represented individual keywords used 180 to generalize the essence of each article. Edges that connect nodes were co-occurrence links, 181
wherein two different keywords were used together in the same article. 182 Table 3 indicates the overall characteristics of the keyword co-occurrence network. In 183 particular, modularity Q and mean silhouette scores are two significant metrics that determine 184 the overall structural properties of the network. It is notable that a modularity Q of 0.8115 is 185 relatively high (Q > 0.3), which indicates that the network is reasonably divided into loosely 186 coupled clusters (Newman, 2006) . A mean silhouette score of 0.9372 (> 0.7) suggests that the 187 homogeneity of these clusters is also relatively high, which indicates that network cluster is 188 efficient and reliable (Kaufman and Rousseeuw, 2009 ). The results provide the basis for 189 ensuring usefulness and credibility of datasets in the succeeding work. 190
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The overall keyword co-occurrence network is shown in The timespan set for the present study in CiteSpace is from 2007 to 2015, which is related 201 to the size of dataset (Chen, 2014) . After searching from WoS and Scopus within "all years" 202 as well as delimitation process as introduced in Section 2.1, the dataset of this study that 203 included 126 papers published from 2007 to 2015 were identified and considered as recent 204
work. The concept of BIM can be traced back to the "building description systems" proposed 205 by Eastman in the mid-1970s (Eastman, 1976) . It is acknowledged that the 126 identified 206 papers do not include all publications that contribute to MA-BIM research to date. However, 207 16 selected journals include the most prominent publications relevant to MA-BIM. The 126 208 identified papers were considered sufficient to represent the latest developments in the last 209 decade as a whole. 210 technology" is the highest, which represents the physical attribute of BIM. As a major shift in 212 information technology during the last decade, BIM, which refers to both the activity of 213 modeling and the digital and virtual models of a building, triggers the transformation of the 214 project management paradigm (Succar, 2009 ). Other keywords that relate to "information 215 technology" also include "information system" and "information management." The 216 proximity of the keywords "education," "engineering education," and "adoption" aligns with 217 the expectation of an association between these topics. Hartmann and Fischer (2008) and coordination between these two initiatives can be maximized to improve project 224 processes beyond the degree to which such processes may be improved by the independent 225 application of either of these paradigms (Sacks et al., 2010 ). On the one hand, construction 226 projects on a lean journey are contingent on BIM to enhance the lean outcomes. On the other 227 hand, changes in business processes as a consequence of BIM implementation significantly 228 contribute to make a project considerably lean. Based on the placement, issues associated 229 with design and construction appear to be highly associated with information technology, 230
whereas issues associated with operation and maintenance are lacking. Although the review 231 of BIM literature indicates an increasing interest in facility management, a considerable 232 divide remains between the studies that focus on new construction and existing buildings. show when a connection has been made for the first time. Given the transformation of BIM 241 from 3D to nD, keywords unsurprisingly veer away from "collaborative design" to 242 "construction safety," "cost," and "energy." Increasing interests are emerging on "change 243 management," "information technology strategy," and "team working" in 2015. By contrast, 244 earlier keywords tend to focus on specific implementation process in relation to MA-BIM, 245 such as "implementation", "design process" and "process improvement", which potentially 246 indicate a change from a tactic focus to an emphasis on strategy. This change may also be 247 partly caused by the increasing complexity of construction projects, particularly emerging 248 mega construction projects (MCPs), which leads to high project uncertainty, complex 249 stakeholder interrelationships, and conflicting interests. It should be noted that keywords 250 co-occurrence taken in isolation can lead to misinterpretation if taken out of context (Pollack 251 and Adler, 2015). In this study, it is essential to refer to specific articles using these keywords 252 to avoid ambiguity. The burst detection algorithm indicates unusually large changes in the frequency of a 269 datum over time (Pollack and Adler, 2015) . For example, with the proliferation of 4D, 5D, or 270 nD BIM, the keyword "three-dimensional models" was barely part of the common terms at 271 present. Since 2007, a robust growth was observed in the "three-dimensional models" use for 272 construction project management. After 2010, the term "three-dimensional models" became 273 common, although of a relatively high frequency compared with that in the 2000s, and would 274 no longer be considered to be bursting because it already reached a steady state. 275 general. This case highlights the importance of "team working", "collaborative design" and 286 "organizations." In addition, MA-BIM hotspots and frontiers are also identified based on 287 keyword burst detection, particularly on frequency changes occurring within the last five 288 years, such as "lean construction," "impact," "diffusion," "constructability," "sustainable 289 development," "information system," "adoption," "modelling," and "education." field. However, frequency and timeline analyses fail to clarify major areas and structures of 294 MA-BIM studies. As a mathematical and statistical method, cluster analysis is used to 295 identify the latent semantic themes within the textual data (Hossain et al., 2011) . Cluster 296 analysis employs a set of algorithms to convert unstructured text into structured data objects 297 to detect research patterns for the discovery of knowledge (Delen and Crossland, 2008) . The 298 main idea behind cluster analysis is to collect all the contexts belonging to the words in the 299 literature dataset, and derive associated clusters that represent related research themes 300 (Yalcinkaya and Singh, 2015) . Therefore, cluster analysis can be used to identify several 301 prominent groupings, and has been adopted in this study to show research patterns in the 302 MA-BIM field. 303
As a tool for progressive knowledge domain visualization, CiteSpace provides various 304 functions to facilitate the understanding and interpretation of network patterns, including 305 decomposing a network into clusters and automatic labeling clusters with terms from the titles, 306 keywords, or abstracts (Chen, 2006) . Apart from keywords, titles and abstracts are also 307 typically used by authors to describe a publication. Ultimately, abstracts are taken as a unit of 308 cluster analysis because they provide the complete expression of research contents, and 309 consequently, reliable indicators of theme-divisions in the MA-BIM field. To characterize the 310 nature of an identified cluster, CiteSpace can automatically extract noun phrases from the 311 abstracts based on a set of algorithms, including frequency-inverse document frequency 312 (tf*idf), log-likelihood rate (LLR) and mutual information (MI) (Chen, 2014) . Each cluster 313 reserves and represents a certain amount of the overall observed terms, and the clusters are 314 organized in the order of how many terms they explain. Fig. 6 shows that the clusters are 315 numbered in descending order of cluster size, starting from the largest cluster #0, the second 316 largest #1, and so on. And this is the default naming patterns of clusters in CiteSpace. 317
Insert Fig. 6 about here 318
Overall, MA-BIM has 8 prominent research clusters; each cluster can be regarded as a 319 research theme. These themes are relatively independent of one another, as well as partially 320
overlapping. In any text, multiple words may share the same meaning and one word may have 321 many synonyms in different contexts. Cluster analysis "loads" the words that share the same 322 meaning to their associated theme and also "loads" one word to various latent semantics other 323 than its main associated theme (Yalcinkaya and Singh, 2015) . Thus, there is the case that 324 some of the clusters are overlapping. In other words, some of the abstract terms belong to 325 several clusters at the same time. 326
It is notable that the automatic labeling clusters can lead to misinterpretation if their labels 327 are taken out of context. As mentioned earlier, one word may bring out various meanings in 328 different contexts. It is thus necessary to refer to the specific abstract terms of each cluster to 329 resolve this. Three to five abstract terms with top frequencies were, therefore, selected to 330 represent the theme-clusters because they were most likely to be selected and used by the 331 researchers in each cluster. And the names of each cluster were further refined by referring to 332 the individual articles using these high-frequency abstract terms, with a view to avoiding and 333 eliminating the ambiguity of the automatic labels generated by CiteSpace. Table 4 shows the 334 cluster size and representative terms of each theme-cluster. Cluster size refers to the number 335 of abstract terms involved for each cluster, and the silhouette shows the homogeneity of a 336 cluster as mentioned in Section 3.1. The higher the silhouette score, the more consistent the 337 cluster members. Unlike most previous studies based on the subjective understanding of a 338 specific field from authors, abstract term cluster analysis provides a more objective approach 339 to perceive the overall structure of a certain knowledge domain. 340
Insert Table 4 about here 341 construction process expertise (Sebastian, 2011) . It is hard for a BIM manager to be involved 361 neither in decision making on design and engineering solutions nor in project management 362 processes but mainly focuses on model specification and information management. In many 363 cases, managerial hierarchy also exists among BIM managers, which leads to some 364 differences in their organizational roles. Furthermore, changing roles in collaborative work 365 that applies BIM affect the traditional contractual relationship, particularly payment schemes. 366
Detailed MA-BIM research themes
Given that engineering work is done concurrently with the design through BIM, for example, 367 a new payment percentage in the early design phase is also necessary (Chao-Duivis, 2009). 368
Innovation 369
Cluster #1 refers to the studies on innovation during the BIM diffusion process. Within the 370 construction industry, innovation is infamously known to be difficult to define and 371 conceptualize (Green et al., 2004) . However, the concept of innovation is certain to be further 372 related with the espoused change in the construction industry, which is renowned for its 373 adversarial relationship and lack of trust among involved parties. Elmualim and Gilder (2014) Along with BIM implementation, innovations are constantly emerging in this process to 391 improve management efficiency. Numerous variations of BIM technology arises at different 392 implementation stages to enhance information management efficiency performance and 393 facilitate the accomplishment of established project goals, including "site BIM," "green 394 BIM," and "cloud BIM." Davies and Harty (2013) applied an innovative "site BIM" system 395 in a major hospital construction project based on BIM-enabled tools that allow site workers to 396 use mobile tablets to access design information and acquire work quality and progress data 397 synchronously. "Green BIM" has become a tremendously popular term and concept in recent 398 years; it is applied to both building sustainability analysis and design management, as well as 399 construction stages; the goal of this process also extends to the entire life cycle of a building, 400
including the operation (commissioning and occupation), repair and maintenance, and 401 demolition stages (Wong and Zhou, 2015) . Cloud computing refers to both the applications 402 delivered as a service over the Internet and the hardware and system software in data centers 403 that openly interoperate and exchange information (Armbrust et al., 2010) . Cloud-based BIM 404 serves as an innovative platform that will enhance BIM usability experience for various 405 disciplines in making key design decisions at a relatively early project stage (Redmond et al., 406 2012) . 407
Stakeholder/actor network 408
Cluster #2 is related to the analytical perspective of the stakeholder or actor in BIM 409 adoption and implementation studies. As a "system" of multiple innovations, BIM generates 410 derived benefits to those involved in its implementation, but is also associated with the 411 potential for failures (i.e., cost overruns, and legal disputes). Gilligan and Kunz (2007) 412 conducted a survey to determine the value of BIM to project stakeholders, which mainly 413 referred to reducing risks for stakeholders distributed across the project and to engage 414 stakeholders further. By contrast, BIM has been challenged with the issues regarding 415 stakeholder collaboration and the manner of managing and controlling information (Sebastian, 416 2011 ). Murphy (2014) explained that the mechanism problem exposed in BIM 417 implementation was based on BIM currently being delivered as a project rather than an 418 innovation, as well as the failure to address stakeholder competency as the key delivery agent 419 of BIM. 420
Apart from the research that focuses on the individual level, the organizational-level 421 research related to the overall structure and characteristics of the actor network in which BIM 422 is applied provides a holistic approach to determine how BIM defines roles and relationships 423 among actors in a network (Linderoth, 2010) , as well as how and why project networks 424 respond to new systemic innovations (i.e., BIM) that are misaligned to the existing network 425 structure (Alin et al., 2013) . Moreover, the overall network approach suggests a need to 426 rethink actor interlinkages and interorganizational effects (i.e., task sequence alignment, 427 knowledge base alignment, and work allocation alignment), as well as to create new roles 428 associated with the implementation of BIM in construction projects. 429
Spatial visualized management 430
Cluster #3 refers to the studies related to spatial visualized management using BIM in 431 construction projects. ICT changes architectural visualization by extending architectural 432 design to visualization in information systems and by applying highly extensive computer 433 visualization given the availability of digital media (Koutamanis, 2000) . Architectural 
BIM adoption 453
Cluster #4 covers the issues that focus on adoption activities in BIM implementation 454 process. Although the potential benefits of technologies may appear evident in BIM, the 455 industry adoption level of this process varies extensively, and the actual diffusion rate of 456 technology among involved parties worldwide remains considerably lower than expected (Gu 457 and London, 2010). Such a discrepancy between expected adoption and the realized adoption 458 of BIM may be explained by the uncertainty of its value and effectiveness. By considering the 459 possible gap among technical feasibility, potential value, and practical adoption, increasing 460 research interests and efforts are presented to examine the degree by which BIM is currently 461 can be placed at three levels: the individual/actor, the project/organization, and the entire 466 market/industry. 467
The initial decision for BIM adoption has mostly been considered at the individual level, or 468 occasionally, at the organization level, and for single actors in the industry (Samuelson and 469 Björk, 2013) . It is noteworthy that individual-level studies mainly revolve around technology 470 acceptance behavior-related theories, including theory of planned behavior (TPB), technology 471 acceptance model (TAM), and task-technology fit model (TTF). These theories put 472 considerable emphasis on the behavioral intentions of individuals. For the 473 project/organization level, the most prominent studies of BIM adoption include those on the 474 practices and effectiveness of BIM in construction projects in China (Cao et al., 2015) and 475
where to focus on the successful adoption of BIM within an organization (Won et al., 2013) . 476
In summary, these findings identify numerous factors that drive or impede BIM adoption at 477 both the individual and project levels. These factors can be further grouped into three 478 dimensions, namely, technical and non-technical, institutional and non-institutional, and 479 internal behavioral intentions and external environment. 480
Regarding the market level, Succar and Kassem (2015) introduced a number of 481 macro-adoption models, matrices, and charts to assess BIM adoption across markets 482 systematically, as well as to inform the structured development of country-specific BIM 483 diffusion policies. Based on the industry level, Gu and London (2010) analyzed the readiness 484 of the industry with respect to the products, processes, and people to position BIM adoption in 485 terms of the current status and expectations across disciplines. The aforementioned studies 486 also established the collaborative BIM decision framework to facilitate BIM adoption in the 487 construction industry. Both market-and industry-level studies provide the holistic conceptual 488 framework to facilitate decision making, particularly for policymakers, within the BIM 489 diffusion process. 490
Transmission 491
Cluster #5 refers to the studies that focus on culture or policy transmission related to BIM 492 through the project life cycle, which is closely associated with cluster 4; however, the two 493 clusters have different priorities. BIM adoption is suggested to pay increased attention to Policies are "written principles or rules to guide decision making," which results in 502 environmental pressures (i.e., preparatory, regulatory, and contractual requirements) to 503 project decision makers in terms of acquiring institutional legitimacy. Succar (2009) 504 introduced an integrated framework that treated policy as one of the three major fields of BIM 505 to provide a research and delivery foundation for BIM diffusion policy development. 506 Furthermore, Succar and Kassem (2015) provided a "policy action model" by which the 507 actions that policymakers take to facilitate market-wide diffusion are identified, assessed, and 508 compared, thereby informing the macro-environment of country-specific BIM adoption 509 policies. These findings suggest that BIM diffusion is a highly socialized and complicated 510 activity that may be motivated by individual behavioral intentions to improve the efficiency 511 and effectiveness of the design, construction, and operation processes. This activity may also 512 be driven by cultural and policy transmission to be in line with its specific external 513 environment. 514
Conceptual framework 515
Cluster #6 is related to the development of a conceptual framework in MA-BIM studies. To 516 analyze MA-BIM, a few conceptual frameworks are proposed to represent domain concepts 517
and their relations, which can be divided into two types, namely, strategic-and tactical-level 518 frameworks. A strategic-level framework mainly focuses on the conceptual system, diffusion, 519 and adoption of BIM from a macroscopic perspective regardless of detailed implementation 520 steps. A tactical-level framework is concerned with the BIM application process, which aims 521 to provide a specific approach to overcome technical, procedural, and organizational 522
challenges. 523
At the strategic level, Succar (2009) introduced a series of conceptual frameworks to 524 structure the term "BIM" in a stepwise manner, including BIM fields, BIM maturity stages, 525 and BIM lenses. With the proliferation of BIM concepts through project organizations, a few 526 strategic assessment frameworks are introduced to recognize BIM "value proposition," inform 527 the status of BIM implementation, and evaluate BIM diffusion policies based on the need for 528 guidance on the place to start, the tools available, and working through both technical and 529 non-technical issues. 530
At the tactical level, numerous conceptual frameworks were proposed to integrate BIM 531 with other technologies or business processes to provide implementation approaches. Varying 532 levels of understanding, adoption, and implementation of BIM within and among countries 533 exist-from discipline to discipline and from project to project. The challenges to achieve a 534 completely integrated collaborative multi-disciplinary platform of implementation is based on 535 determining technical solutions or addressing MA-BIM issues, as well as on setting up the 536 enabling conceptual framework, which integrates both strategic-and tactical-level 537 approaches. 538
Operation and Maintenance 539
The research themes of cluster #7 concentrate on the operations and maintenance (O&M) 540 stage in BIM implementation process. It is noteworthy that the use of BIM focuses on the 541 preplanning, design, and construction of buildings and infrastructure; however, the focus of 542 recent research has shifted from early life cycle stages to maintenance, refurbishment, and 543 deconstruction (Volk et al., 2014) . The long building life cycles has resulted in O&M 544 management that becomes a major to exploit the functionalities and benefits of BIM fully, 545 particularly in relation to environmental performance monitoring and management using 546 virtual prototyping/visualization tools. Therefore, an increasing number of studies are 547 emerging, which aims to explore how BIM can be a beneficial platform to supplement O&M 548 practices. The two major dimensions that are centered on the research themes of cluster #7 are 549 building types (e.g., new buildings and existing buildings) and application areas (e.g., 550 energy/thermal analysis and control, space management, refurbishment/renovation planning 551 and execution, quality assurance and control). The scientometric analysis of MA-BIM provides supporting elements to this study in its 576 objective to develop an integrated framework. Although the framework is currently 577 conceptual, the scientometric analysis of the overall structure, theme-divisions, and emergent 578 trends, along with the practical experiential knowledge, of MA-BIM makes this framework 579 both practical and enlightening. 580 Fig. 7 shows that the conceptual framework has three major parties, namely, current status, 581 research areas, and future directions. Instead of applying an a priori classification approach, 582 this paper conduct a quantitative analysis based on the abstract terms to distinguish different 583 research themes. And 8 theme-clusters are further integrated into 5 research areas according 584 to the framework developed by Gu and London (2010) . It is noteworthy that this framework 585 summarizes the perceptions of BIM from the perspective of product, process, and people, and 586 also emphasizes the importance of creating the enabling environment of BIM management 587 and choosing suitable application approaches to fulfill BIM potential. 588
Insert Fig. 7 about here 589 BIM adoption leads to substantial changes in the existing project management processes, 590 involving innovation diffusions, culture and policy transmissions. In parallel with the rapid 591 popularization of BIM technologies, a series of "soft" products (i.e., conceptual frameworks) 592 have emerged to provide support and guidance for BIM implementation. And stakeholders 593 and actors are people whose roles associate with BIM practices. It is noteworthy that 594 
